Materials and Methods

Fabrication of Al doped ZnO
Variable Angle Spectroscopic Ellipsometry (VASE)
Variable angle spectroscopic ellipsometry (VASE) is a popular measurement technique that is used to study the optical properties of thin films. Light is directed to a sample at multiple angles and is either absorbed, transmitted or reflected. The reflected light is analyzed for intensity and polarization and from that many film properties can be determined such as film thickness, index of refraction, permittivity, absorption, etc. Ellipsometry is an optical measurement technique that can describe light reflection characteristics from many types of thin films; from this many film parameters can be determined such as thickness and index of refraction 3, 4 . The most important analysis parameters in ellipsometry are change in light polarization upon reflection from the sample, and phase shift of the light due to the interaction with the sample. These two parameters are Ψ, and Δ, respectively.
They are related through the equation (1):
Where ! and ! are the Fresnel reflection coefficients in the P and S-planes respectively, and
are the ratios of the amplitudes of the electric fields in both P and S-planes, respectively 39 . From Ψ and Δ, optical models are developed to describe the sample using the ellipsometry analysis software WVASE 32.
Electrical measurements
Electronic transport properties were measured using a Keithley 6220 current source and a decreasing temperature is due to reduction in thermal energy lowering the number of electrons vibrating with the energy needed to scatter the conducting electron, which is common in metals.
Thermal measurements
We measure the thermal conductivity by time-domain thermoreflectance (TDTR) 5, 6 . A schematic of the main components in our experiment is shown in Fig. S4 . TDTR is a nondestructive optical pump-probe technique in which an 80 MHz pulse train emanates from a Ti-Sapphire laser with pulse widths of about 150 fs and wavelength of 800 nm. The laser output is split into two separate paths, a pump and probe. In our setup, the pump beam is modulated by an electro-optic modulator (EOM) driven by a function generator that supplies a sine wave modulation at 8.8
MHz frequency. The pump is focused on the sample by an objective lens. This modulation 5 creates an oscillatory temperature rise on the sample surface and a thermal wave that propagates through the sample at the same frequency. The probe is directed down a mechanical delay stage, focused on the sample coaxially with the pump beam, and then retroreflected into a photodetector connected to a lock-in amplifier. The lock-in amplifier extracts the components of the thermal wave at the modulation frequency. We monitor the ratio of the in-phase to out-ofphase component of the lock-amplifier response as a function of time delay between pump and probe up to time delays of about 6 ns. We assume literature values for the heat capacities of the Al film and the heat capacity and thermal conductivity of the glass substrate. We measure the electrical resistivity of the aluminum film by four-point probe and deduce the thermal conductivity from Weidman-Franz law. We set the interface conductance between the ZnO film and the glass substrate to infinity, although we are not sensitive at all to this parameter given the thickness of the ZnO film and the high modulation frequency used in our experiment. Hence the only unknowns in our thermal model are the Al/ZnO Kapitza conductance and the thermal conductivity of the ZnO film. These parameters are treated as free parameters and are varied to fit the data to a multilayer thermal model that has been detailed elsewhere [5] [6] [7] [8] [9] . Figure S4 shows the data and best fit curves for the two measured samples. The sample temperature was controlled via an cryostat with optical access. All measurements performed in the cryostat were kept under vacuum at pressures less than 10 -5 Torr.
We have taken data at higher temperatures. The thermal conductivity for the two samples is given in the table below. The thermal conductivites are relatively constant with temperature in this range. 
